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Abstract: This paper demonstrates an application of 
Artificial Neural Network {ANN) for determination of 
undedlow and ovedlo w densities of Hydrocyclone 
separators. The discussions are extended and 
further results are presented for the prediction of 
particle size distributions in the underilow and 
ovedlow streams. The fit the experimental results 
against the predicted results are illustrated and 
statistical analysis are made. Jt is shown that once 
the history of the operations are known, ANN 
proves to be a useful tool for predicting future 
separation eHciencies. This approach has a 
potential to eliminate the need for installation of 
expensive on-line instruments for density 
measurements and particle size analyses. This 
approach can be applied in similar situations in 
mineral processing industry. 
1. INTRODUCTION 
Hydrocyclones are important devices in mineral 
processing industry for the classification and 
separation of particles. Experimental and 
mathematical analysis of operation of Hydrocyclones 
has attracted many researchers both from 
theoretical and practical point of view. The 
theoretical research concentrates on the flow 
patterns of fluids inside the cyclone [ll, [21, 131, 141, 
151. Whereas, practical analysis concentrates mainly 
on the separation efficiency, the d50,, [61, 171, [81, 
[91 1101. Recently, ANN has been demonstrated to 
be more effective than classical techniques for 
determination of parameter d50, of Hydrocyclones. 
Further, it has been shown that by the use of ANN 
many unusual variables affecting the operation could 
easily be included to increase the accuracy of 
predictions, otherwise would be impossible by 
classical approaches 11 11, 11 21. 
In this paper, the application of ANN on the 
Hydrocyclone performance is extended to the 
prediction of the overflow and underflow densities. 
This is an important concept since implies that a 
difficult task of measuring overflow and underflow 
densities can now be eliminated. The measurement 
of these densities usually require special mechanical 
constructions and u-tube arrangements of the pipes 
carrying the slurry [61. Correct prediction of these 
densities also has a potential to eliminate the need 
for installing expensive on-line measuring 
instruments such as nuclear density gauges. 
In recent years, as a branch of Artificial Intelligence 
(AI), Artificial Neural Networks (ANN) have found 
applications in many industrial problems[l 31, [141, 
1151. Unlike the traditional methods which are based 
on empirical formulae or statistical techniques, ANN 
are trained with a set of known input and output 
data. Through an iterative learning process, the 
network learns from the given data which becomes 
a model relating the new set of related data. In 
many applications, once it is trained, the network is 
capable of producing outputs from the subsequent 
inputs. The application of artificial neural network to 
the estimation of Hydrocyclone parameters is 
relatively new concept. Hence, it is the objective of 
this paper to exemplify the application of ANN in 
particle size distribution and comment on their wider 
and advanced applicability in mineral processing 
industry. 
2. THE PROBLEM DEFINITION 
The feed slurry, to be classified containing all sizes 
of particles, enter the Hydrocyclone tangentially with 
high speeds. Due to spiral flow of the slurry, heavier 
particles experience greater centrifugal force to be 
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separated, subsequently exiting from the spigot 
opening or the underflow. The lighter particles on 
the other hand are subjected to a lesser degree of 
centrifugal force thus move inwards and finally exit 
from the vortex or the overflow. This classification 
process is described by the parameter d50, value, 
representing a particular particle size which has a 
chance of reporting 50% to the underflow and 50% 
to the overflow. In general, particles below d50, in 
size exit from the overflow and above d50, exit 
from the underflow obeying a normal distribution 
curve. The d50, does not assume an arbitrary value 






The d50, can be determined experimentally or 
theoretically. Experimental determination of d50, is 
a lengthy process. Samples need to be taken 
carefully from the overflow and underflow streams 
under a particular steady state operating condition. 
Then they need to be dried for size analysis 
conducted either by conventional sieve methods, 
cyclosizers or modern electronic particle size 
analysers. For the next steady state condition the 
whole procedure needs to be repeated if information 
about the separation is needed. The main purpose of 
finding of the d50, is for the determination particle 
size distribution in the overflow and underflow 
streams. Or perhaps more accurately, particle size 
distribution in the overflow and underflow streams 
lead to d50,. 
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There has been lengthy discussions on the 
theoretical predictions of d50,. The accuracy of 
predictions depends on the Hydrocyclone design 
parameters and the operational conditions. Literature 
has demonstrated that there is no accurate and 
universal way of determining the d50, theoretically. 
Most of the theoretical methods involve empirical 




This paper clearly illustrates once the operational 
conditions and the particle size distributions of the 
inlet slurry are know (relatively much easier to 
determine) particle size distribution of the overflow 
and underflow streams can be determined by 
application of ANN. 
~ 
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In many Hydrocyclone applications, it is sufficient to 
know the densities of the overflow and the 
underflow to determine the solid and liquid partition 
ratios and for calculation of the mass and volume 
separation of solids within the slurry. In this paper, 
it is also demonstrated that the overflow and 
underflow densities may be determined without the 
need of installing expensive measuring instruments 
or/and having to take samples. 
3. PARTICLE SIZE ANALYSIS BY ARTIFICIAL 
INTELLIGENCE 
An experimental set up was configured for the 
automatic control of Hydrocyclones. Variables such 
as: inlet flow rate, inlet and overflow densities, 
pressure, temperature and vortex finder heights 
which were found to be strongly affecting the 
separation efficiency were monitored continuously 
by an on-line computer. Many samples were taken 
from the inlet, the overflow and the underflow 
slurries and analysed by conventional methods to 
determine the d50, values. During the experiments, 
conducted over a period of approximately two years, 
the inlet particle size distribution was continuously 
recorded at all times. The inlet slurry particle size 
distributions for typical experiments are given in 
Table 1. In this table it can be seen that the particle 
size distribution varied, although not greatly, from 
experiment to experiment. Being able to account for 
these variations in the classification efficiency 




I 106 I 13 19.3 112.9 I 15.2 I 13 I 
I 45 13.7 13.1 14 I 6.2 I 5.5 I 
I I I I I I 
-1 2 
Total 
Table 1. Examples of particle size distribution in the inlet atream 
In literature, the question of how much the particle 
size distribution in the inlet stream affects the d50, 
has not been fully identified due to difficulties in the 
mathematical analysis. Nevertheless, by the ANN 
this question can now be addressed fully. 
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Figure 1 shows the fit of experimentally obtained 
particle size distribution of the underflow slurry 
against that distribution predicted by ANN, for 
particles between 150 pm -212 pn. These results 
were obtained by taking the inlet flowrate, inlet 
density, spigot opening diameter, vortex finder 
height and the particle size distribution of inlet slurry 
as the operational variables. In obtaining this figure 
half of the data for the size distribution was used for 
training and the other half was for testing. The 
correlation coefficient of the relationship between 
experimental and predicted vales is 0.956 with an r- 






(exp.) (pred.) (exp.) (pred.) 
12.2 11.4 
3.1 3.8 4.8 4.4 
9.3 9.4 
Figure 1. Predicted undrflow particle size distribution for particle 
between 150- and 21 2pm 
L 
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Similar results were obtained for all other particle 
sizes as listed in Table 1. As another example Figure 
2 is included for particles between 24pm and 34pm. 
The correlation coefficients in this case was 0.899 





Table 2 is presented for numerical comparison of 
some results for experimental and predicted particle 
sizes for Runs 78 and 150. In Run 78 the 
experimental sample is 91 grams and the predicted 
value is 89.1 grams giving a 2% error. The error In 
Run 150 is less than 2%. 
3.8 4.3 6.5 6.3 
7.7 7.7 10.5 10.3 
5.8 5.6 6.7 6.3 
3.6 3.9 2.2 2.5 




I 63 I 1 0  I 8.7 19.6 I 8.5 1 
2.2 2.3 1.1 1.3 
6.9 6.5 3 3.3 
91 89.1 99.7 98 
I I 
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Table 2. Examples of predicted and experimental particle size 
distribution of the underflow 
Figure 3 exemplifies the experimental and predicted 
particle size distributions of the overflow stream for 
particles -1 2pm. The correlation coefficient in this 












:igure 2. Predicted undrflow particle size distribution for particle 
between 24pm end 34pm 
Figure 3. Predicted overflow particle size distribution for particle 
between 150- to 21 2pm 
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This work was extended to the determination of 
overflow and underflow densities using the 
operational variables: the inlet density, spigot 
opening diameter, vortex finder height, inlet flowrate 
and the particle size distribution of the inlet stream. 
Figure 4. illustrates the predictions of the underflow 
density. The correlation coefficient of the fit is 
0.965 with an r-squared value of 0.965 . Similar 
results were obtained for the overflows. 
flu 
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Figure 4:Predioted undrflow densities against experimental 
values 
These examples clearly demonstrate an off line 
prediction of the particle size distributions and 
densities in the overflow and underflow streams by 
using modern techniques such as ANN, without the 
need for measuring instruments. 
4. CONCLUSIONS 
Densities in the overflow and underflow streams of 
a Hydrocyclone separator have been predicted by 
application of ANN. The application of ANN has 
been extended to predict the particle size 
distributions in the overflow and underflow streams. 
The particle size distribution in the inlet is shown to 
be an important parameter in determining the 
Hydrocyclone separation efficiency. The off-line 
prediction of both particle size distribution and 
densities have the potential to eliminate the need for 
installation of measuring instruments. 
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